Salmonella enterica subsp. enterica serovar Typhimurium is one of the leading serovars that causes salmonellosis worldwide. However, few studies have molecularly characterized S. Typhimurium strains in Brazil. In this study, we genotyped 92 S. Typhimurium strains isolated from humans (43) and food (49) between 1983 and 2013 in Brazil using PFGE, multiple-locus variable number of tandem repeats analysis (MLVA) and enterobacterial repetitive intergenic consensus PCR (ERIC-PCR). Moreover, we assessed the frequency of 12 virulence markers by PCR and the resistance profile against 12 antimicrobials. More than 85.8 % of the strains studied carried 11 of the virulence markers or more. Thirty-three strains (25 %) were multidrug resistant (MDR). The 92 S. Typhimurium studied were grouped by PFGE as PFGE-A, PFGE-B1 and PFGE-B2; by MLVA as MLVA-A, MLVA-B1 and MLVA-B2; and, finally, by ERIC-PCR as ERIC-A and ERIC-B. The strains isolated from humans before the mid-1990s were allocated to all clusters. The strains isolated from humans after the mid-1990s were distributed in the PFGE-B1, MLVA-B1, MLVA-B2 and ERIC-A clusters. The strains isolated from food were distributed in all clusters, except in PFGE-B2. All typing results suggested that the S. Typhimurium strains of human clinical origin isolated before the mid-1990s were genetically more diverse, which might indicate the selection of a more adapted S. Typhimurium subtype after Salmonella Enteritidis became the most prevalent serovar in Brazil. Regarding strains isolated from food, the results suggest the current circulation of more than one subtype. Furthermore, the high frequency of virulence genes and the presence of MDR strains reinforces their potential hazard for humans and the risk of their presence in foods in Brazil.
INTRODUCTION
Non-typhoidal Salmonella is one of the most common causes of bacterial foodborne illness worldwide (Hohmann, 2001; Majowicz et al., 2010; Hendriksen et al., 2011) . Among more than 2500 serovars of Salmonella enterica, Salmonella enterica subsp. enterica serovar Typhimurium is one of the most frequently isolated worldwide. Between 2001 and in the USA, Canada, Australia and New Zealand, S. Typhimurium was the leading isolated serovar. In the same period, S. Typhimurium appeared as the second most isolated serovar in Africa, Asia, Europe and Latin America, surpassed only by Salmonella Enteritidis (Hendriksen et al., 2011) .
In Brazil, epidemiological data for Salmonella are limited; however, it is known that in São Paulo (SP) State, the serovar S. Typhimurium was the most common isolated serovar recovered from human sources and the third most common isolated serovar recovered from non-human sources before 1994 (Taunay et al., 1996) . After the introduction of the S. Enteritidis serovar in the country in the mid-1990s, S. Typhimurium declined and became the third most commonly isolated serovar in human and non-human sources from 1991 to 1995 . Between 1996 and 2000, the isolation of S. Typhimurium declined even more in non-human sources (Tavechio et al., 2002) . However, between 1996 and 2003 , it was the second most commonly isolated serovar from human sources, second only to S. Enteritidis .
The inappropriate use of antibiotics in clinical and veterinary medicine and agriculture has led to increased resistance to antibiotics in various micro-organisms, including S. Typhimurium strains. In Brazil, some studies have demonstrated an increase of multidrug-resistant (MDR) S. Typhimurium strains Bessa et al., 2007; Fernandes et al., 2009; Kich et al., 2011) .
Salmonella pathogenicity is largely related to gene markers of virulence presented mainly in Salmonella pathogenicity island (SPI) 1, SPI-2 and plasmids (Campioni et al., 2012; Almeida et al., 2013) . The SPI-1-associated proteins include the following: Sop (SopA-E), effector proteins; SipA and InvA, associated with invasion; SipD, a translocon assembly protein; and FlgK, FljB and FlgL proteins, associated with flagella. The SPI-2-associated proteins, such as SsaR and SifA, are associated with survival and replication within the host cells (Giacomodonato et al., 2007; Hur et al., 2011; Shah et al., 2011; Zou et al., 2012) . Moreover, there are virulence-associated plasmids that have the spv operon, which consists of five genes (spvRABCD) associated with Salmonella survival and growth in macrophages (Rychlik et al., 2006) . Molecular typing is an important tool for bacterial characterization and can help us better understand their epidemiology and genotypic diversity. Various molecular typing techniques have been used successfully for subtyping Salmonella serovars such as enterobacterial repetitive intergenic consensus PCR (ERIC-PCR), PFGE, multiple-locus variable number of tandem repeats analysis (MLVA) and multilocus sequence typing, among others (Hur et al., 2011; Campioni et al., 2012 Campioni et al., , 2013 Campioni et al., , 2014 Almeida et al., 2013; Ngoi et al., 2013) .
Despite its clinical importance, there are few studies that have molecularly characterized S. Typhimurium strains in Brazil and assessed their antimicrobial resistance profile Bessa et al., 2007; Tavechio et al., 2009; Kich et al., 2011) . Therefore, the aims of this study were to assess the presence of some virulence markers and to evaluate the antimicrobial resistance patterns and the genotypic diversity using PFGE, MLVA and ERIC-PCR of S. Typhimurium strains isolated from humans and food sources between 1983 and 2013 in Brazil to better understand their pathogenic potential, resistance profile, epidemiology and genotypic diversity.
METHODS
Bacterial strains. A total of 92 S. Typhimurium strains were studied. Forty-three strains were isolated from human clinical material such as diarrhoeic faeces, blood and brain abscesses between 1983 and 2010, and 49 strains were isolated from food such as chicken, poultry, swine, industrialized products and lettuce between 1995 and 2013 from seven states of Brazil, comprising São Paulo, Santa Catarina, Paraná, Mato Grosso do Sul, Rio Grande do Sul, Goias and Bahia (Table 1) . These strains were provided by the Adolf Lutz Institute of Ribeirão Preto and Oswaldo Cruz Foundation. Table 1 lists the year, source and geographical states of isolation of the 92 S. Typhimurium strains studied.
Virulence markers by PCR. Genomic DNA extraction of the 92 strains listed in Table 1 and determination of their concentrations were done using the methods described by Campioni et al. (2014) . The general PCR procedure was performed according to the method of Falcão et al. (2006) . The 12 virulence markers investigated were invA, sopB, sopD, sipA, sipD, flgK, fljB, flgL, ssaR, sifA, sopE2 and spvB. 1983  SP  8  -8  1984  SP  6  -6  1985  SP  4  -4  1986  SP  9  -9  1988  SP  1  -1  1989  SP  1  -1  1990  SP  1  -1  1991  SP  1  -1  1992  SP  2  -2  1993  SP  1  -1  1995  SP  1  1  2  1996  SP  -1  1  1997  SP  1  -1  1998  SP  1  2  3  1999  SP, SC  1  1  2  2000  SP, SC  2  1  3  2002  SP  -1  1  2003  SP  1  -1  2005  SP  1  -1  2006  SC  -12  12  2008  SC  -1  1  2009  MS, RS, GO  -7  7  2010  SC, PR, SP, RS  1  9  10  2011  SP, RS  -2  2  2012  BA, RS, SC  -4  4  2013  SP, SC  -7  7  Total no. of strains SP, SC, MS, RS,  GO, PR, BA   43  49  92 The reference protocols used for the detection of the 12 virulence gene markers have been given previously by Almeida et al. (2013) . A template PCR without DNA was used as a negative control and S. Typhimurium ATCC 13311 was used as a positive control. Analyses of the amplicons were performed as described previously by Almeida et al. (2013) . The results were obtained after incubating the strains for 24 h at 37 uC and were interpreted according to CLSI (2014) . The quality-control strains included Escherichia coli ATCC 25922.
PFGE. PFGE typing was performed using the standard CDC PulseNet protocol for Salmonella (Ribot et al., 2006) . Genomic DNA of the 92 strains listed in Table 1 was digested with 40 U Xba I (Life Technologies). Macrorestriction fragments were resolved by counter-clamped homogeneous electric field electrophoresis in a CHEF-DR III apparatus (Bio-Rad Laboratories).
A standard molecular mass ladder (Lambda Ladder PFG Marker; New England BioLabs) was included three times on each gel to compare the fingerprinting over several gels. The gel was stained with ethidium bromide (0.5 mg ml 21 ) for 30 min and washed in distilled water for 60-80 min. The restriction fragments were viewed under UV light.
The similarities of the PFGE profiles were analysed with the software package BioNumerics 7.0 (Applied Maths). PFGE analysis included only bands that represented fragments above 48.5 kb. A similarity dendrogram was constructed with the unweighted pair group method with arithmetic mean (UPGMA) method, using the Dice similarity coefficient and a position tolerance of 1.5 %.
MLVA. MLVA typing was performed as described previously by Lindstedt et al. (2004) , with some modifications. The modifications were a changed dye set from DS-34 to DS-33 for primer labelling. STTR3 and STTR5 were labelled with VIC, STTR6 and STTR9 with 6-carboxyfluorescein, and STTR10pl with NED. PCRs were performed in five reactions, each with a primer pair, and the annealing temperature was 63 uC for all primers. Before capillary electrophoresis, the PCR solutions were pooled and mixed as follows: 5 ml STTR3-PCR, 5 ml STTR6-PCR, 1 ml STTR5-PCR, 1 ml STTR9-PCR and 1 ml STTR10pl-PCR, and 87 ml of ultrapure water DNase/RNase-Free (LifeTechnologies) was added to give a final volume of 100 ml. Next, 1 ml of the dilution was mixed with 1 ml GeneScan 1200 LIZ (Applied Biosystems) internal size marker and 12 ml formamide. Capillary electrophoresis was performed in an ABI 3500xl DNA analyser (Applied Biosystems). Analysis was carried out using BioNumerics software v.7.0 (Applied Maths). A similarity dendrogram was reconstructed with the UPGMA method, using the categorical value coefficients.
ERIC-PCR. The genomic DNAs of the 92 strains were extracted as described by Campioni et al. (2014) . A volume of 50 ml PCR mixture was prepared for each isolate, containing primers ERIC 1 (59-ATG-TAAGCTCCTGGGGATTCAC-39) and ERIC 2 (59-AAGTAAGTGA-CTGGGGTGAGCG-39) described by Versalovic et al. (1991) . A 1 ml aliquot (500 ng ml
21
) of DNA sample was added to the PCR master mixture containing 5.0 ml 10| ExTaq Buffer, 4.0 ml dNTP mixture, 5.0 ml each primer (10 pmol ml 21 ), 0.25 ml Takara Ex Taq DNA polymerase (5 U ml 21 ) and up to 50.0 ml sterilized distilled water. The amplification cycle consisted of an initial denaturation at 94 uC for 1 min and 30 cycles of 94 uC for 30 s, 55 uC for 1 min and 72 uC for 1 min. The final extension was at 72 uC for 2 min. The analysis was performed as described by Almeida et al. (2013) .
Discrimination index (DI). The DI for ERIC-PCR, PFGE and MLVA was assessed by Simpson's diversity index, as presented by Hunter and Gaston (1988) .
RESULTS AND DISCUSSION
In the present study, the presence of 12 virulence markers was investigated, as well as the antimicrobial resistance profile and genotypic diversity of 92 S. Typhimurium strains isolated from humans and food from different states of Brazil from 1983 to 2013. To the best of our knowledge, this work is the first to study S. Typhimurium strains isolated over a period of 30 years in Brazil, despite the number of human and food strains not being equally distributed during the period considered. Additionally, this work is the first to use the MLVA technique to type strains of this serovar in Brazil.
Regarding the virulence markers searched, all 92 S. Typhimurium strains studied carried the sipA, flgK, flgL and invA genes. Over 85 % of the isolates carried the sipD, fljB, sopB, sifA, ssaR, sopE2 and sopD genes. The spvB gene had the lowest frequency among the strains and was found in 47.8 % ( Table 2) . One explanation for the low frequency of this plasmid gene may be due to the storage of the strains in agar, at room temperature; for some subcultures this may have promoted the loss of this virulence plasmid. Finally, the high prevalence of the virulence markers evaluated may suggest that the strains studied have pathogenic potential and may cause disease in humans, and highlights the risk of their presence in food samples. Similar to our results, Hur et al. (2011) found a high prevalence of virulence markers, but the spvC gene, which is part of the spv operon, as well as spvB gene, was found at low frequencies among the strains. (sopB, pipA), and were positive for the chromosomal genes phoP/Q, hinH2, iroB, sodC1, sopE2 and bcfC.
The antimicrobial resistance profiles of all 92 S. Typhimurium strains were assessed. Forty-six strains (50.0 %) were susceptible to all antimicrobials tested. Forty-five strains (48.9 %) were resistant to at least one antimicrobial tested, and some of these resistant strains also presented intermediate resistance to other antimicrobials. One strain isolated from food presented intermediate resistance to amoxicillin-clavulanic acid and nalidixic acid. Twentythree strains (25 %) were MDR, or resistant to three or more antibiotics of different classes, 15 of which were strains isolated from humans and eight of which were from food. The most common resistance profile among the studied strains was AMP-NA-SXT-C, and 12 strains (13.0 %) presented this profile. The results of the antimicrobial resistance profile are presented in Table 3 and Figs 1, 2 and 3.
The occurrence of MDR strains isolated from humans and food warns of the risk of possible treatment failures and of human consumption of contaminated food, indicating that better control measures for S. Typhimurium may be needed in this country. Sun et al. (2014) There are few published studies that have used molecular techniques to evaluate the genotypic diversity of S. Typhimurium strains isolated in Brazil and these studies used only PFGE for this purpose Bessa et al., 2007; Fernandes et al., 2009; Tavechio et al., 2009; Kich et al., 2011) .
The dendrogram reconstructed with PFGE profiles obtained in the present study is shown in Fig. 1 . PFGE revealed 72 different PFGE types (Table 4 ) and grouped the 92 strains in two clusters assigned as PFGE-A and PFGE-B; cluster PFGE-B was further subdivided into PFGE-B1 and PFGE-B2. Cluster PFGE-A comprised nine (9.8 %) strains, eight isolated from food, between 1999 and 2009, and one isolated from a human in 1983, exhibiting a similarity above 62.4 %. Cluster PFGE-B comprised 83 (90.2 %) strains. Specifically, the subcluster PFGE-B1 comprised 62 (67.4 %) strains, isolated from humans (n522) between 1983 and 2010 and from food (n540) between 1995 and 2013 exhibiting a similarity above 61.2 %. Subcluster PFGE-B2 comprised 21 (22.8 %) strains isolated from humans between 1983 and 1991 and presenting a similarity above 61.8 %. A similarity above 37.1 % was observed between PFGE-A and PFGE-B. The DI for the PFGE methodology was 0.993. Table 3 . Antimicrobial resistance profile of the 92 S. Typhimurium strains isolated from humans and food AMP, ampicillin; NA, nalidixic acid; LEV, levofloxacin; SXT, rimethoprim-sulfamethoxazole; C, chloramphenicol; CIP, ciprofloxacin; ATM, aztreonam; CTX, cefoxitin; FEP, cefepime; AMC, amoxicillin-clavulanic acid.
Antimicrobial resistance profile Number of resistant strains The majority of the nine strains grouped in the PFGE-A cluster were isolated from food (n58) between 1999 and 2012, with only one strain isolated from a human before the 1990s. The PFGE-B1 group comprised strains isolated from both humans and food between 1983 and 2013. However, the PFGE-B2 subcluster contained only strains isolated from humans before the 1990s (Fig. 1) . These results may suggest that before the 1990s, S. Typhimurium strains were more diverse and there were probably various subtypes circulating in the country, as they were distributed in the PFGE-A, PFGE-B1 and PFGE-B2 clusters. After the mid1990s, the S. Typhimurium strains may have undergone a selection process in which a subtype (PFGE-B1 subcluster) causing disease in humans prevailed. This may be explained by the fact that there was a changing pattern of Salmonella serovars after the mid-1990s in Brazil when S. Enteritidis became the most commonly isolated serovar in place of S. Typhimurium (Taunay et al., 1996; . The PFGE results may also suggest that, regarding the strains isolated from food, there is more than one subtype still circulating in the country (PFGE-A and PFGE-B1).
It is interesting to note that, in the PFGE-B2 subcluster, 13 (61.9 %) of the 21 strains were resistant to three or more antibiotics of different classes ( Fig. 1) and that all strains of this subcluster were isolated before the mid-1990s. It is worth noting that all of the S. Typhimurium strains isolated from humans after 1993 were allocated to the PFGE-B1 subcluster and that both these strains and the ones isolated before that period were mostly susceptible to all antimicrobials tested. These data show that PFGE was able to group the strains isolated from humans according to their resistance profile (PFGE-B1 and PFGE-B2 subclusters), suggesting that after the S. Enteritidis pandemic, selection of a subtype of S. Typhimurium that was more sensitive to antibiotics and perhaps hypothetically more pathogenic than the MDR strains of human origin isolated before the mid-1990s occurred.
The hypothesis mentioned above may be supported by the results of some studies. Wang et al. (2009) showed that Salmonella strains of some serovars, including S. Typhimurium resistant to quinolones, had decreased expression of the invA and avrA virulence genes of SPI-1, as well as a decrease in epithelial cell invasion and intracellular replication in epithelial cells and macrophages. Similar results were observed with Campylobacter jejuni strains resistant to erythromycin (Almofti et al., 2011) .
In contrast, of the 49 strains isolated from food after the mid-1990s, eight had an MDR profile characterized by resistance to three or more classes of antibiotics (PFGE-A and PFGE-B1), which is an indication of the possible risk for humans ingesting food contaminated by MDR S. Typhimurium strains.
Similar to our results, in Brazil, Ghilardi et al. (2006) 2000-2001 and 2005-2006 , in the study conducted by Hur et al. (2011) .
In the present study, MLVA differentiated the strains into 53 MLVA types (Table 4 ) and grouped the 92 S. Typhimurium strains in two clusters assigned as MLVA-A and MLVA-B (Fig. 2) . MLVA-A comprised 11 strains (12 %), isolated from food (n57) between 1995 and 2012, and humans (n54) between 1983 and 1997, with a similarity above 2.9 %. MLVA-B grouped 81 strains (88 %), which could be divided into two subclusters, denominated MLVA-B1 and MLVA-B2. MLVA-B1 comprised 41 strains (44.6 %) isolated from humans (n532) and food (n59) between 1983 and 2012 with a similarity above 19.7 %. MLVA-B2 comprised 40 strains (43.4 %) isolated from 
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food (n533) and humans (n57) between 1986 and 2013 and exhibited a similarity above 23.6 %. The DI of the MLVA methodology was 0.976.
Similar to the PFGE results, the MLVA results suggest that S. Typhimurium strains isolated from humans were genetically more diverse before the mid-1990s because they were allocated to the MLVA-A, MLVA-B1 and MLVA-B2 clusters (Fig. 2) compared to those isolated after this period in the MLVA-B1 and MLVA-B2 subclusters, which may suggest the selection of a more adapted subtype of S. Typhimurium after S. Enteritidis serovar became the most frequent Salmonella in the mid-90s in Brazil.
Many studies have demonstrated that MLVA is an assay with high discriminatory power (Best et al., 2007; Prendergast et al., 2011; Wuyts et al., 2013 Using ERIC-PCR, the 92 S. Typhimurium strains were differentiated into 63 ERIC types (Table 4 ) and grouped into two clusters: ERIC-A and ERIC-B (Fig. 3 ). In the ERIC-A cluster, 78 strains (84.8 %) exhibited a similarity above 80.4 %, 33 strains were isolated from humans between 1983 and 2010, and 45 strains were isolated from food between 1998 and 2013. The ERIC-B cluster contained 13 strains (14.1 %), 10 of which were isolated from humans between 1985 and 1995, and three of which were isolated from food between 1995 and 2006, with a similarity above 71.3 %. Only one strain isolated from food in 2006 was not included in any cluster. A similarity above 71.3 % was observed among the two clusters. The DI for the ERIC-PCR methodology was 0.983.
The results of ERIC-PCR reinforce those obtained by PFGE and MLVA and may suggest that the S. Typhimurium strains isolated from humans were genetically more diverse before the mid-1990s because they were allocated to the ERIC-A and ERIC-B clusters (Fig. 3 ) compared with those isolated after this period, which were found only in ERIC-A cluster, which may suggest the selection of a more adapted subtype of S. Typhimurium after S. Enteritidis became the most frequently isolated serovar in the mid1990s in Brazil. Bessa et al. (2007) typed 66 S. Typhimurium strains isolated from pigs in State of Rio Grande do Sul, Brazil by ERIC-PCR. In contrast to our results, the ERIC-PCR was not able to discriminate strains and found a single profile for all strains.
In a comparison of the PFGE, MLVA and ERIC-PCR phylogenetic trees, the PFGE-A cluster was very similar to the MLVA-A cluster because it grouped strains mostly isolated from food and few strains isolated from humans before 1994, except for one human strain isolated in 1997 located in the MLVA-A cluster. A similar group was not observed in the ERIC-PCR dendrogram. Similarly, all the strains isolated from humans after the mid-1990s were grouped in the PFGE-B1 and ERIC-A clusters, suggesting that the time after this may have been the period during which S. Typhimurium strains underwent a selection process and the prevailing subtype contaminated humans.
In contrast, we did not observe similar groups to the PFGE-B1 and PFGE-B2 subclusters in the MLVA and ERIC-PCR phylogenetic trees regarding the humanorigin strains. PFGE-B1 comprised strains isolated from humans between 1983 and 2010 that were mostly susceptible to all of the tested antimicrobials. PFGE-B2 comprised strains isolated exclusively before the mid-1990s with 61.9 % of the strains being MDR. MLVA-B1, ERIC-A and ERIC-B comprised MDR and susceptible strains isolated from humans.
The MDR strains isolated from food were grouped in the PFGE-A, PFGE-B1, MLVA-B1, MLVA-B2 and ERIC-A clusters. These clusters also included strains isolated from humans susceptible to all antimicrobials, indicating the possible risk of MDR food strains contaminating humans and/or the spread of antibiotic resistance genes to susceptible strains of clinical and non-clinical origins. This antimicrobial resistance gene spread may occur by horizontal gene transfer via a plasmid.
Furthermore, it is worth mentioning that the food strains from different regions and states were grouped in the same subclusters and were thus not grouped according to their geographical region. For example, PFGE-A comprised food strains isolated in the southern region in the states of Santa Catarina and Rio Grande do Sul, as well as from the midwest region in the Goias and Mato Grosso do Sul States. Similarly, PFGE-B1 comprised food strains isolated in the southern region in the states of Santa Catarina, Paraná and In the future, we plan to do whole-genome sequencing of these strains to assess in more detail the genetic differences among those strains that may have occurred by horizontal gene transfer as the convergent evolution of the independent occurrence of a rapidly evolving gene segment, as well as to see if any genetic differences distinguish strains isolated from distinct geographical regions.
From our results, we can conclude that the use of PFGE is highly recommended for typing S. Typhimurium strains, as it presented a high discriminatory power and provided consistent and additional important epidemiological information in comparison with MLVA and ERIC-PCR.
In conclusion, analyses of the genotypic diversity suggest that the strains of clinical origin studied here and isolated before the mid-1990s were genetically more diverse in comparison with those isolated after this period, which might indicate the selection of a more adapted S. Typhimurium subtype after S. Enteritidis became the most prevalent serovar in Brazil. Regarding strains isolated from food, the results suggest the current circulation of more than one subtype. Furthermore, the high frequency of virulence genes and the presence of MDR strains reinforce their potential hazard to humans and the risk of their presence in foods in Brazil.
